By using subtracted probes, two cDNA clones of rice, EL2 and EL3, were isolated as genes responsive within 6 min to jV-acetylchitoheptaose, a potent biotic elicitor for phytoalexin biosynthesis. Analyses of the sequence of the cDNAs showed that both of EL2 and EL3 encoded basic proteins with no significant similarities to those of known genes.
Infection by pathogens provokes a series of defense reactions in plant cells such as the production of phytoalexins, activation of cell wall-degrading enzymes and lignification of cell wall (for review, see Dixon and Harrison 1990) . Many of these biochemical reactions are caused by the activation of a set of defense-related genes, which can be induced in suspension-cultured plant cells treated with specific fractions of the cell wall from pathogen or host plant, so called elicitors (for review, see Dixon and Lamb 1990 , Ryan and Farmer 1991 , Boiler 1995 . The use of chemically pure elicitor should be ideal as it guarantees the analysis of the sequential reactions starting from a single signal molecule and its receptor. To date, several reports have been published dealing with chemically pure oligosaccharides or peptides as elicitors (Sharp et al. 1984 , Parker et al. 1991 , Basse et al. 1993 , Felix et al. 1993 , Yamada et al. 1993 , Nurnberger et al. 1994 .
Among them, Af-acetylchitooligosaccharide, which is easily released from chitin, a main backbone polymer of Abbreviations: PAL, phenylalanine ammonia-lyase; MAP kinase, mitogen-activated protein kinase. 5 To whom correspondense should be adressed.
The nucleotide sequences reported in this paper have been submitted to DDBJ DATA BANK with accession number D64038 and D64039. fungal cell wall, by plant chitinase, has been shown to induce the rapid alkalinization of the medium in suspensioncultured tomato cells (Felix et al. 1993) , accumulation of phytoalexins (Ren and West 1992, Yamada et al. 1993) , the quick and transient membrane depolarization ) and production of active oxygen (Kuchitsu et al. 1995) in suspension-cultured rice cells. Furthermore, presence of a high affinity binding site for Af-acetylchitooligosaccharide was shown to exist in the microsomal fraction of rice cells ) and tomato cells (Baureithel et al. 1994) . The induction activity of the accumulation of phytoalexins was strictly dependent on its size and structure (Yamada et al. 1993) . In this work, we isolated and sequenced two cDNAs representing two novel genes of which the mRNAs rapidly accumulate in suspension-cultured rice cells treated with JV-acetylchitooligosaccharides in a structure-specific manner.
Suspension-cultured cells of rice {Oryza sativa L. cv. Nipponbare) were maintained using a modified N-6 medium as described previously ). 7V-acetylchitooligosaccharides were prepared by re-TV-acetylation of chitooligosaccharides (Yamada et al. 1993 ) which were kindly supplied by Yaizu Suisankagaku Industry Co. Ltd. (Shizuoka, Japan). Poly(A) + -RNAs were isolated by oligodT cellulose column chromatography (Sambrook et al. 1989 ) of total RNA extracted by SDS-phenol method, and used for the construction of cDNA libraries by the method of Gubler and Hoffmann (1983) with AgtlO as a vector.
Subtracted cDNA probe was prepared according to the method described previously (Kouchi and Hata 1993) . In brief, 32 P-labeled first-strand cDNA was synthesized from poly(A) + -RNA of the cells treated with the elicitor for 15 min, and subjected to two cycles of subtractive hybridization to a large excess of poly(A) + -RNA of non-treated cells. Unhybridized cDNAs were selected by hydroxylapatite column chromatography and used to screen a cDNA library of elicitor-treated cells.
Nucleotide sequences were determined by the chain termination method (Sanger et al. 1977 ) using model 373 Suspension-cultured rice cells were treated with iV-acetylchitooligosaccharide at 0 ng ml" 1 , Ing ml" 1 , lOngml" 1 , lOOngml" 1 , 1/igml" 1 and 10^g ml" 1 for 60 min (panel EL2) or 15 min (panel EL3). Total RNAs were isolated and 10//g portions were glyoxalated, separated by electrophoresis in 1.4% (w/v) of agarose gel, blotted to nylon membranes followed by hybridization with cDNAs for EL2 and EL3, respectively. Membranes processed in the same way were stained with methylene blue (panel rRNA).
A automatic sequencer (Applied Biosystems Co. Ltd., U.S.A.) on entire both strands. Plaque hybridization, isolation of phage DNA and subcloning were carried out according to Sambrook et al. (1989) . Northern blot hybridization was carried out by the method of Thomas (1983) . Equality in the amounts of loaded RNA was checked by staining the blotted membranes with methylene blue to detect the rRNA bands (Sambrook et al. 1989) .
In order to isolate cDNAs for genes specifically expressed at early stages of the elicitor treatment, we screened a cDNA library (1.4 x 10 5 plaques) of the cells treated with N-acetylchitoheptaose for 15 min with subtracted probe (1 x 10 6 cpm). Of the clones which showed positive signals, we chose two cDNA clones designated as EL2 and EL3 for further analyses. Enhancements of the levels of mRNAs for EL2 and EL3 were observed when cells were treated with ./V-acetylchitoheptaose at or higher than O.l^gml" 1 (Fig. 1) . Figure 2 shows the time course of accumulation of mRNAs for EL2, EL3 and PAL in response to ,/V-acetylchitoheptaose. The amount of EL2 mRNA increased drastically after elicitation, reached a plateau 60 min after the treatment, and then decreased ( Fig. 2A ). In contrast, the level of EL3 mRNA (1.3 kb) reached the maximum level at 15 min after the treatment and rapidly decreased to non-detectable level at 3 h after the addition of 7V-acetylchitoheptaose ( Fig. 2A) , indicating the short half life of the mRNA. The level of mRNA for PAL (Minami et al. 1989) , which is known to be a key enzyme in the phenylpropanoid pathway and to be activated by various kinds of biotic as well as nonbiotic elicitors (Dixon and Lamb 1990) , started to increase at 60 min after the addition of N-acetylchitoheptaose and the level remained high until 180 min ( Fig. 2A) .
The kinetics of mRNA accumulation for EL2 and EL3 at much earlier stages of the treatment with N-acetylchitoheptaose were investigated. Surprisingly, the mRNA levels (B) (GlcNAc) Total RNAs were isolated from suspension-cultured rice cells treated with N-acetylchitoheptaose for 0 min, 15 min, 60 min, 120 min and 180 min (A) or for 0 min, 3 min, 6 min, 10 min, 15 min and 60 min (B) at 10/ig ml" 1 , and 10/ig portions were processed as described in the legends to Fig. 1 . The membranes were probed with the cDNAs for EL2, EL3 and PAL. Membranes processed in the same way were stained with methylene blue (panel rRNA).
of EL2 and EL3 increased even 3 and 6 min after the treatment, respectively (Fig. 2B) . The kinetics of rapid accumulation of these mRNAs are comparable with that of genes induced by auxins in pea (Theologis et al. 1985) , soybean (McClure and Guilfoyle 1987) and Arabidopsis (Abel et al. 1994) . Somssich et al. (1989) isolated genes in suspensioncultured parsley cells (Petroselinum crispum) activated at the transcriptional level by the crude elicitor fractions from Phytophthora megasperma of which the active moiety was subsequently identified as an oligopeptide of 13 amino acids derived from a 42 kDa glycoprotein purified from fungal culture filtrate (Parker et al. 1991 , Niirnberger et al. 1994 ). Such rapid activation of genes at the transcriptional level were observed for defense-related genes such as those for PR-proteins in cultured parsley cells (Petroselinum crispum) (Somssich et al. 1986 ), cinnamyl-alcohol dehydrogenase (Walter et al. 1988) , PAL and chalcone synthase (Lawton and Lamb 1987) in cultured bean cells (Phaseolus vulgaris). It remains to be elucidated whether or not the expression of EL2 and EL3 are regulated at the transcriptional level.
The accumulation of the mRNAs for EL2 and EL3 was shown to be induced in a structure-specific manner (Fig. 3) . Both mRNA levels were enhanced in response to heptamer and octamer of JV-acetylchitooligosaccharides. Accumulation of EL3 mRNA was slightly induced by the hexamer also. iV-acetylchitooligosaccharides smaller than hexamer and a series of chitooligosaccharides showed no effect. These results were consistent with the structural requirement for the accumulation of phytoalexin (Yamada et al. 1993 ) and depolarization of the membrane potential , suggesting that a common receptor mediates the elicitor signal rapidly to the machinery for the gene expression, the phytoalexin accumulation and membrane depolarization. The molecular mechanisms of the quick transduction of elicitor signals to the machinery for the expression of these genes are of great interest. Figure 4 shows the amino acid sequences deduced from the entire nucleotide sequences of the cDNAs for EL2 and EL3. The cDNA inserts for EL2 and EL3 were comprised of 682 bp and 1,316 bp, respectively. When compared to the size of mRNAs, it was likely that these cDNAs were nearly full-sized. The longest open reading frames of EL2 and EL3 encoded 106 and 315 amino acids, and the calculated molecular weight of the relevant polypeptide was 11,308 and 34,549, respectively. Both EL2 and EL3 polypeptides were indicated to be hydrophilic without any membrane spanning-like hydrophobic region nor signal peptide-like sequences (Heijne 1983, data not shown). The isoelectric points of EL2 and EL3 calculated from the amino acid composition were 8.1 and 8.5, respectively. A computer search of the SWISS-PROT data base did not show any similarity of the predicted amino acid sequences to those identified so far. Genomic southern hybridization showed that both EL2 and EL3 are encoded by a single copied genes, respectively (data not shown).
As shown in Fig. 2 , a low level of mRNA for EL2 was detected in the non-treated cells, impling that EL2 gene product might play some role(s) in non-differentiated calli as well as in the defense response. On the contrary, mRNA level of EL3 was detected only in the very early stage after treatment with /v'-acetylchitoheptaose, suggesting that the expression of this gene is controlled in a very stringent manner. Such quick controll was observed for wound response in which a MAP kinase-like protein kinase was activated (Seo et al. 1995 , Usami et al. 1995 . Elucidation of the function of these rapidly-activated genes will provide a clue to understand the molecular mechanisms of plant defense reactions.
